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(54) SUPER- JUNCTION SEMICONDUCTOR ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a super-junction 
semiconductor element which prevents generation of 
electric field convergence and realizes a high breakdown 
voltage in the super-junction semiconductor element 
comprising a parallel pn layer in which a current flows in 
an on state and which depletes in an off state. 
SOLUTION: (1) A parallel pn layer of (n) drift regions 
12d, 12f, 12h, 121, and (p) partition regions 12c, 12e, 
12g, 12i, 12k, 12m is provided outside an active region. 
(2) A first FP electrode 17a is provided on the (n) drift 
region 1 2d of the parallel pn layer outside the active 
region via an insulation film 1 9. The first FP electrode 
1 7a comes into contact with a surface of the inside (p) 
partition region 12c, or is floated. It may by across a 
plurality of the (n) drift regions. Furthermore, a resistor 
is provided between the neighboring FP electrodes. (3) 
There is provided an (n) stopper region which reaches a 
low resistance layer outside the active region in a 
vertical direction of the parallel pn layer. 
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(54) om<o&m wts&wm&f 



(57) [gift] 

[»ft^R] ( 1 ) Stt*I*©*«IK: nh''j7H«l 
2d, 12 1, 1 2h. 12j, 12 1, pttiZJO^iSl 
2c, 12e. 12g, 12i, 12k, 1 2m<D&?U 
P njf £iS:tt£. (2) *§tt^cDttffliJ»&?iJ p n Jl<73 
n K'J7h««l 2 d±(C*giSKl 9^LTf-FP 
MM 1 7 a SrlStf-S. S-FPtI17all, filCp 

(3) mtiLMt&<DKW\z&F\pnmizmie.j5falZ. fiffi 




1 

se-ajas! k u 7 h««£»=w«fittwo watts* 

SttSBOffiMp nMirt**— 3EffiJC#LTSiEftEBT 

c £ s#m£T*MM i ciK<z)jB»«¥*ttx 

[HIM 3] MB*?n«»©*5«pnJIi, ME*? 1 
SttKiOSeWp nH4:3Wig«U&Ell-C*-5^i:*»fll 
£f *MM 1 *&ttMM 2 

[mm 4 ] mm=?ftmmz&rtz>m,-mmm k u 7 

h««t»-»«a!fl:ffl0««O#T««?*^ WE* 

sifttj lmm 3 oir jrti*wcE«^a«s-¥*i** 

^ [MM 5] ttEMTftMtt0ttnipnJI&. dllEX? 
^oapff UfcEMT*^ £ i £4**£-r*MM 1 fct* 

- umm 4 co vi"rn*^zE«©fitt-&¥W#:*^ o 

[MM 6] JB-*«ffiKU7h«*iJB-»«a!tt« 

fiv^t tr *mm 5 iBi^gg^^s^i 

[MM 7) MBMraj*tf«J:tfttEM?&tt8fc:« 

^tn^-^^, ¥ffiWlc*A»*?a>tt^jflL±fcEB 
SftTMI £ £ttM£T«MM 1 ft ^ UMM 4 (7) 

^rn*McE«o)ffl«&*w«:*^. 

[ISM 8] WEK^Wanfe^Sffi^JpnJISfflO 

*t>ft < 1 1, -»^«»«tBtonT n -5 c: £ r 

SMM 1 &HLMM7 OD^im^lcEMoaM** 
[MM 9 J fflE*^«*fe«fc«*Lfci»fi*^W« 

M8 otifnTiWcEM^tt******^ 

[mmi o] mim?ftmm<D&&ipnm±izmmm 

f 5 : t * »« it 5B*S 1 & ^LB#I 9 ©lifft 
McEBottttfi^SMfrM^. 
[MMI 1] WE7-f-;UFy^-h«©rt«l*«M 



(2) ^gg 2001-135819 

2 

[MMI 2] »E7-f H^U- 
S&tf>'>ft < <h l^^-iMKU7 KiaSRoT 

9 1 1 \zmm<nmm&¥m»m : ?o 

[MMI 3] fiJE7^-;VF^U- FBBa*#jB«ffi 
T*5:tS**it5IWl OftViLMMl 2 CD 
io ^rttdMzEBttttMd****^. 

[MMI 4] Hft07-f— ;UHyu-hfl«©Bl3&«tt 
Rtt»t»K3ftTl^i ttttHttSII*! 1 Oft 
tiLMMl 3 ©lif n^i:E*©jB«#*»»*f. 

[MMI 5] ttBX?ftMS0&HpnB±CIBMR 
e*UTJS«ttK*B»&C t **«t"T*MM 1 ft 
n LMM 9 (Oir^m^HE«^)ffl«'&*W«* : f • 

[MMI 6] MEMT^MSaftftC. S§-*SfiScD 

Mlft^UMMl 5<0^ma*£E«<B«tt£¥a» 

[MMI 7] WE*H**MI««>*«K:. m-^@ScD 

«3WME*-f ^M«i5cttflttE»^ett»C!>X h 7-f ^ 
««c»riiLfcB-W*S KU7 h«*tJB— W«ffitt« 
DMWc>*UTMXUrv^ciit*«tT*MM5 

[MMI 8] WEft*;^ hy/W«^MEfi«tt 
iSTlt5:iW8tt4»*ll 6*fcttMM 

i 7 icEmoaa*****-?. 
30 [mm 1 9 ] saiE^r *)V7, h :y 

W«S!ttffl01MJ*t©Bn?p nfl&^MlTl/^Ci; 
ft»«£T*MMl 6ftULMMl 8<D^fn^l: 
E«<DjB*£¥3H*:*^. 

[MM2 0] £l-£®£¥ffft'>ft< lo<BWrffi 
tC*5V>T> WEM~*«iHtt«0««Oi^ft< fcfc 1^ 
KU7h»«ift*;^hy t IZ 

1 9(7)^-rn*^CE*OSflS'&*W»:* : f, 
[MM 2 1] flfE^**^* hy/*««0**E4*«* 
40 #tttEM-**B F U "7 FB*<B*tt«»«£rFT** 

:i$*it«l*«l 6ft^bMM2 oco^m 

*wce«<&««*¥***-?. 

[^BJCDiffflftlftBJ] 
[0 0 0 1] 

fell. *:7tt»Ttt£2fcT*B>ypnB* 
&ft*»Mft«ffl«»SB*SMOSFET 
hI15fMh7>yX^) , IGBT 
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4553 2 0 0 1 - 1 3 5 8 1 9 



3 

^[0 0 0 2] 

[0 0 0 3] si od :n*T©^7-f;w^©- 

MTftSHSMO S F E T©»fiiffiBT»5, iSfSJft 
COn KU7 hH 2 <D^MM\Z, p £x;MH«3 rt*«J5£;£ 
n, -t<Bp^x;MH«3rtl;:n* V— *»*4**»J«S 

iZtf— hffiflkR 5 Sr^* Lty- hmffi 6 #S*&*ttT 
p«Ji;KI«3tntV-7(B«4toaiBl:ft 

iitctattUTv-^«a*<Ktt6n*. n k u-r >s 1 

[0 0 0 4] C<B«k5&liEffl*^Ki5tvT\ iSJgtnOn 
H'J7M20B»H MOSFET*«t>tt!8©tt 

2 7 

Ro»A = 

8 



nH l J7M20f$ («flMEBft) £»<T£-<t: 
'tt. *>tt»TB K 'J 7 h8R*%< 45©TMO S F 
ET<&3tR«ft*>ffiffi (KH>-V-^Bfi6i) £ 

3in K'J7 FJB2 tOIHOpn«^e>l£58"r* HI/ 

fix (miffing) tiHJEtOPpltCtthU- K*7©W«*« 
ft^. iEll I©B©nHU7hB2ip'Ji;H« 
3 <fc(Z>|SJ(0 p n«d**&JK*«*ffi2»K±oT*J*S 
*U nHU7M2 0^«*ifl!*^& JPStWP^ 

[0 0 0 5] Cl©KfflMOSFET©*>«lftR0!lA t 
20 WJEVb £<DK\zte* *^60B8#^*^ [ Hu, C. . Re 
c. Power Electronics Specialists Conf. , San Diego. 
(1979) p. 385 #88] . 



V, 2 



(1) 



A tt, WEEVB©x*»;:Jfc*JU ItJ£VBtf>±#££fc(c 

[0 0 0 6] C^iffiWEE^Uff^^^aStOia^tt, M 
OSFET^0T^<HU7hl^IGBT, A* 

mxK£^T**fcP«TfflT*^fc. ifi*^ Hrl^ 

-5 [^J^tf. G. Deboy et al. "A new generation of h 
igh voltage MOSFETs breaksthe limit line of silico 
n\ Technical digest of IEDM'98 (1998). pp. 683-68 
5, EP0053854. USP5216275, US 
P 5 4 3 8 2 1 5 , *«ttf*H¥ 9 - 2 6 6 3 1 1 40 

fcnffi<0««t pffl^««tS:SSJcM«bft:3fc^Jp n 



[0 0 0 7 ] #»Mc3!)»W#6tt, ^->«ta8-CttttflK«r 
arT££*>K:. *7tt!8Ttia2fb-rs^Jp nJB^S 

KSMOS FET<D»aWfffiHT*«. BlOTtti- 
■ tSn&FU7 Ml 2*«, nH'J7HWl2at 
pttfflDflHttl 2 b£*>Stt*afcMpn»i2*lTl>* 
A***BT»4. 1 3ttp9x;HB«, 14ttn+V 

4. p9x;HWl 3tn*y-^«Wl 4t©8Bl: 

1 1 fCf*«LTHU-<>««**K»6n^. 

[0 0 0 8 ] ^<Z>«lifiTtt*>JfifiiRONA tniI£V*£ 
(DmmtfcjZO&vlZteZ [ T. Fujihira 'Theory of S 
emiconductor Superjunct ion Devices" Ipn. J. Appl. Phy 
s. Vol. 36 (1997), pp. 6254-6262IWH] « 



v B 



Ro.A =4 d 



u e Ec 2 



(2) 



[0 0 0 9] ffttoft, (1) j&£it%tTZ>t*>&ifi 
RonA tt»SEVBKUt«-rsiCift€fr, WEE**SS<fc-3 so 



(4) 
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5 

ffit/xRoNA T<&£. AEP, ffl, ■H3tt*n-€ r n, n H 

] )y hpg*£l 2 acpfid^rS Onnu 5 0 0nm, 5 urn t 
•Lfcif^Tfc*. tttfc<Ofc*. HU 7 HJBS: 

[0 0 10] fctAtf* 1 0 0 OV Bffi^Wtt*-?© 
«-&tC«\ nHU7 H«« 12a (Dmd £ 5 jim • ^FW 
fl»»fl^Jl^fc*ft**l5x 1 Oi5cr», 6 0/zi W 

st*, a****#*^©:*>JEtrttt« '&&<D*mfc 

5&KU7H12tt«^l n+Hl"f>Hl 1 Srit 

h tLTXtf^^vr^lC^O, iSJ£tri<A 
nll^gb, ig&WlCn+HK >H 1 1 
hl/>f^X7f>^ltn F'J7 h««l 2 a tbfc 

J*fiUTptt«)t)(B«l 2 b^t^SSTM^n^. 
[0011] 

httt*(OWE«ifi3&<K^6tlT, » 2 « 
ffi^JBtSfStlfc. HIl 3 (a) tt*f-HU>^*K*tfc 
¥«#9K?-<Z)0rBBU ftH (b) tt^-f-^K^U— h 

[0 0 12] dtl6co»JE^ig^^^SCttCJ;»9> £ 
nt££©WJElCifitftt«fc3tTSfc^"C*£>. ±E<&a 
pnl*64S HU7 HJi©5%£tt8K©i«ft*iStt8B 
ii*K*t'&n*iHBE*3iOIH*7&<«l^. 

[0013] c^cfc^tc, Bffi«a)WKW6nr, atw 

pnl^^ft* HU -7 hJKD»»/£WT*St, iSWJE 
»*fl9tttt^*ifi**»a*^t^6, HU> 

*€:l»lkU B»ffi£S5JST**att£¥W#*^*Ji 
[0 0 14] 4 

fc«It, *—t»=<D£BW t. 
Ttt«flft*8fErttfe^*7ttffiTttffi^tTSm--» 
ttS KU7 h*«t»— »«Stt«I0**t*XStcB 
■ UfctW p n ■ fc tWiBftfi^Wt:*? 1:6^ 

mSi H U 7 h««tJB— »«Htt«0««t*«XS»Cll 
0 S LE14 ilfcffiJl p n iStt 4 C t it*. * 
fc, fflEas^EWi&afcMp nJKt. (fflES^fSttBR© J 
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tct^. WE*^ttfl»<&afcMpnlit, 
^Stt«©3t5!lpn»t3WattbfcB«T*atJ:^. 

[0 0 15] WE*^«««C*»*JB-««fflK»J7 
h««t*— W«ffltt«0*«©» 3 F«*«*<, ME* 
^ fitt»K:*tt**--*«S! H U 7 Hfctt i»:iW«ffi! 
tt«0««C!)*^«*«tK«»b^^t3&«J:^. $ 
fc, ffiE^ttJaW^afcWp nJBt. (WBX^SttWO 
M^Jp nHt#¥a#HCX H5<-f :/4#T$>9, 
3PfTbfcE«-C*StVi. 3EtC, S-WtSH^HH 
«t!B— MfflttWOfHtt^attlB^ffilE^^Wfflt 
(WB*TSttWi-CtaBE«U^ct**«k^. "3SU. )B 

«©**<ft^»ett- mTftm&nmmpnffimt hu 

ifi<Offi£«»aiK<Z)^ffi;<3tj:*^t^&. SS^ttfflgS 
CDWffi»4HU7 hffl0)B£E<fc0 fc*#^o S£oT, HU 
7 HW^«ffl©ttWpn«ifit«fflU&jH«ft¥#** 

£fctf>> HU7 MKOSftWp n«ieo*iSfttfSRT. 
a»£¥**$?0fmSE&dM<S5£0. a»^¥W<* 

<B3fcWp niffittH«J7 HHBOMWp n JBiSJ: 0 fc^FM 
[0 0 16] mE* : f^«a*«klXWE* : FStt«BJc*i 

ttsm-^m^ KU7 hMfejttm-^m^tt«)o®^o 

A^tt^ff^ft^tfr^Ott^^lcEa^tlT^St 
«k^. «S<7>ffiWp n«»ifiS#«)»JBK**ftttt**^6 
T&5o WJESI^SW^frtSlltWpnBaffiO^tt 
< tfe— »***6»IR"tr«tonTl^t ct^. WE 
*^ffi*8S«ClB«UfcmE*^HI»©3fcWP ni±i: 

atcfcv*. M(C WE*^«»©afcWpnli±^lft» 
SI$:^UT / >^:< t*> 1 ^(Oy^ — ;W H^U- hm^^r 

rt«*WE«f sttffl«ojB - isms tt« o sa^o^® 

JciSftkUTV^tck^. ttE7^-;WH^U— H 

m®^^ 1 ? »Hffl(Z)'>& < t fc 1 H U 7 

h««&WoTI2W-6nTV>StJ:^^ «HE7-f 
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.««fcaySft«tt*^**;ii:K:J:0, WEHHlDWlC? 

**«iA6n, *ffi«jwuiftstt*. tit, f*i0josg 

©Sfcai p n »±«C»ft»Blt^ LTa«tt»*l8:»* i «t 
MO«tt*«H«3n*. *WpnJi±IClMMl*4hL 

[0018] uMsm^fflwo^fiSJc, m-mmm<D^ 

V>T. 1lllfEIB—W*aitt«J0 th IOjMB 
fl»*mfiJfS-W>ffi! K U 7 h««co7ffitt«ft^iqi;^ so 

SBtt**ifi£ft*. 

[0 0 2 0] 

EWKS^TBiWr*. ft*5, tlTTntfcttpSS 
LfcB, tttttt. tnfntf, BE*L*MMPirU7i 

Bill *«H©*K«©*ffl©*l**MO 
SFETOH»«©88»WfBiaT»*. i^tflW^l 

JiT^Hfttt 1 ObTW, ft*3, *389!tt, »JE£# 
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tfi^MOSFETtU:, B 1 2 K»r®0*jSL&J: 

[0 0 2 1 ] 01 KcfeUT, HBttliaOntHH 
>Jf, 12IJnF'j7hg«12a, pft«JD««12 
b ti>6&il?Jp n ■© K U 7 HT*5. SOAK: 
12. ptt«J0ffi«l 2 blCSE$8LTp^x;USf«l 3 a 
^M^ntV^, p«?iJWa«i3aOrt«i:n + V 

1 2 atfcfcSnfcp^xJMWBl 3 aO&m±\Z\t. 

y- hffijsag 1 5 ^Lx^y u =3 >coy- hms 

16^ £*t> n+V-XS«l 4 £iSig£tf>p + n>^ 

^ ss*i 3 bo*sic*iiic»tti-^y-xmai i 

a*Ktt£>ftTU£. n + KU-f >il l<£>gB5fcl2FU 
^>««1 8**i2ttSnTV>*. 1 9tt»ffi«||*cfclX 

1)1377 (PSG) j&>«&ft*. V-X1S17I1 

cfc 3 iCffi&K 1 9 ^tty- hmM 1 6 <D JiKJfgS 

ns:^*^. H^L/ft^gB^-C, ir-M«16± 

tc^jgsKDy- Mi^swenxi^. f U7Mi 

2tf>5^ KU7 bmffiWffitlZCDte* nh''j7H«l 

2 aTfe^^ £ATTttpft«0««l 2 b£^#*iM 
MpniS: KU7 hil2 ^Pf-S<^l <h let" £<, 

[0 0 2 2] nK'J7KS«tptt«DiB«tO¥iB« 

yVci:-r^« ft^CO^JfiffilTtt, p^x^Wttl 3 a 

t)Xh7'<7 r tt-e$)0, b^t>pft«J0«(«i 2 b<&± 

# icsSi* e>nti^^ &r l t> c «k 3 -eft w-n tf ft 
&ft^RTttft<, 012^31:, s^tcs^-r^^ 

h^^y^<h-r^>C<ht>T#^>o nK'J7Htttptt 
*8 9««<h<0¥ffiWft*tt<fcLTt2, -^H^fc^, 

[0 0 2 3] Cl^^JS^JOiSft^^WfrSR^^mSE&flE 

-r«tt»i 0 acDtvfcwmm^i obT*\z. y-xis 

1 7^««UT^S*nfflS<Z)pft«]0««l 2 cKR« 
T£n KU7HW1 2 d±lC«i»IRl 9 6*LTV- 
Xiil 7#5£S£nTl>*. cnicd:0> n KU7h 
fig* 1 2 d <£>3t® S K p tt«J 0 Mtt 1 2 c <DM&(D&& 

[0 0 2 4] fUT, -ton H'J7HI*1 2 dlc«tt 
"r*ptt«0««l 2 e*«ttfrt6nT45D, ^^>lct^ 
n«Kptt«J0««l 2 g, 12 i, 12k*«ra«lCK 

»fc^t»oiians. «Atf, 4oov^7Xmos 

^ftffi^i^o n*KK>ll lOJtffiStttO. 0 1 
Q- cm, 3 5 0 um* HU7hIl 2 3 0 

Mm, n K 'J 7 h««45±^p ttW0««<Di|S 1 0 um 
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ftiK2. SXi piScm-^ p^xJU®*£ 1 3 a£>ffi 

y-X«ttl 4<BJ£««SS0. 3Mm> %ffiT*E4ft&ft 
1 x 1 O20cm-3T£>£, *fc««IRl 9tt»fttt*ffl 

I^liUiiT^. CO/PS ttB<D3t?»Jp 
BPUp-r*«BE«)IB!ft»wB«-r*3&«0. 

$>* 0 cKoi^&afitt.ttf, aioat^Mos 

FETIt +#fc:Wi£4 0 0 VfcStJSLfc. o£D* P 
tt«0«*l 2bttt»«La^ptl:9I0««l 2 e. "> 
12g, 12 i, 12 k, 1 2mttSI«»T*^T*f 
-F"J>y£LT«BU nH'J7M*12 
d. 12f, 12h. 12j, 12 1l4n*HK>i 
1 1 *^UTHU-r>«»C«iSW«C«ttUT^*fc 

Z.<Dtz&, #- FU >ytSig^V>r-^Hy^- h 

MOS FET©S8«0»»»BBT*5. H<Dfefl!j# 
£«SK(O»n**^P<0i£tt»l 0 aT^O, fi«*«Wffi 
^r^ST^ili^SR 1 Obm 7443, *§S9Jt4* iffi 

l/-tS^MO SFETtt/Cc SI 1 lrKlT®gI$:^U 

[0 0 2 5] @2C^^T, 1 1 ttffiffitriOn+KU^r 
>H, 12ttnKU7HWl2a, pttffl0fi«12 
b td^&S WJp nSO H U 7 hlt^5» 
tt, ptt«01K«l 2 blCtt«bTp«?:tJmttl 3 a 
»J*$ntl^. p-j7x^i«l 3aOrtaHn+V 
— X««l 4 (hiS?S^C0p + =3>^^ hDHJKl 3 b t*« 

n+V-XjB«14tnKU7KS8 
12a <hlcttSnfcp^jL;|/fiR«l 3 a<DXffi±»ctt, 

16tf, n+y-X««l 4i!K»flW>P + :3>* 40 

O hSS^cl 3 b^ffilC«51JC»«T*y— 7 
rt«RttSftTV>*. n*FK>ll l^aBi:ttHl/ 

##^x (psg) y-xtii 7»4. mo 

2^5^H'j7hIS^Sn^^(t nH'J7HWl 
2at?*W JKTTJ4ptt«0fS«l 2 bSr^ftfcM 50 
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Hp nJl£ F«J7 FJi 1 2 fciMCCfcKT*. 
[0 0 2 6] n FU7h«Wtptt«0««t©¥BBW 

t>XF5*f :/ttT*0. U^t>pft«J0««l 2 b©Jh 

#KKtt&ftT^*a«, #TU*>£©J:3T&*tntf& 

H7^7 r ttmci: ! bTf5o nHU7h«*tptt 

[0027] ^o^js^j i ©jBa^^wffsi^omatS: 
ssrettwi o a(DKM<nmmui o bTit y-xm 

SI 7*«**bT^>*«*WB!Optt«0«*l 2 c KB 
»tSn KU7hi*l 2 d±{C*fij»Rl 9**LTV 

hs^i 2 d(oa®«Kptt«j?)«*s i 2 c comiio^ 

[0 0 2 8] fit, fOn H'J7h«8l 2 d£BS» 
T£pft«9MfeJtl 2 ei:S»UT«-7^-JI/H^ 
— b (J^TFP^fSf) ««2 0 aj&*Rtt*>nT*50* 
^com-FPmM2 0 atfifcRttTftn FU 7 hfil*tS 

1 2 f Jl£J£»«S1 9^lTMS^nt^T, n FU 
7h8«l 2 f O^iSJllCptt^OSS^l 2 eOtfi© 
JK»*«*3ck«Sn, t»*I»SnT^5Atf*^f > h 
a &K^<&tt«l©pttffl01B«l 2 g, 12 

U 1 2 ktC«jttUTH«JcSB-FP«S2 0 b. *H 

FPti20c, SftsFPtttt 2 o d**R«-&n, ^n 

?nB»nnFU7KB«12h t 12j, 1211 

\zmmmi 9^itM$nti^ 0 cco^3gt4, & 

gWcitSOl^n^o B2WiB8&MOSFETT 
(4, fgB9FPSS£TRW-6nT^£o fc45, FPU 
(4, y-X«« 1 7 tRlJT^S^^A^ltTSC 

[0 0 2 9] «AH 4 0 0V^7X^MOSFETi: 

n+HK>i 1 1 <£>Jtffilri*4 0. OlQ-c 
m, l$ 3 5 0 /im, F U 7 FJf 1 2 CDJP£ 3 0 um. 
n K 'J 7 hfi«^«ttf P tt« 0 (B«^)B 1 0 /i m 

Bli;iB«04"^flB«2 0 um) , ^^^fnttiSS 
2. 5X10i5cm-3, p^x;M8«l 3 a<&S£tt«3 
lum, $S^ftiglxioncnr3, n*y-X 

mmi 4<D&m%z o. 3um, simisixi 

O20cm-3T»*. SfclfiiaKl 9»4BWUK*ffl^. w 
£{41 //m C<0/PSttl»oatMp nH^EPttrr 

*«JEORffitcRI«T*7&*0. 1 — 1 amSST**. 
£<D«fc3fcfttt£Lfci:#. Hl©»**MOSFET 
14, +»JCiBJE4 0 0 V*»JEbfc. 
[0 0 3 0] 0 3te, i2 0jg}^MOS FETtC4 0 
0V ^SJESrHlSDU/ta^cD^^iU'-xa >«C«t*S 
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tiLftttm-cfoz. i o ov »©*ifi8^sntiri 

1 0 bT1j:&<, SttSEl 0 aC^M^Jpnjil 2P*gtC* 
[0 0 3 1 ] Tfcjfo-fc. S 

U B3©i3i:l*flffa«, «H»1 0 bTttfc<g >° 

[0 0 3 2] 0 4(4, 83j»«JIS:SSft*'&&t#a)H2 

*>*„ B2<0jB*^MOSFETQ»ifm, 
<fc-5K*3;i&:fc>n*. y— hSffil 6 KBfrfecDIEomJBE 20 

a*S3ija a n*t* y-hiiieET^p^x^i 

?5^ISI^Ii;Tn HU7h*«l 2 a £*?0t&\ 

ans. ^©aAsnfctWn*HK>ii nest 
u hk>mi8, y-x«sii 7ma«»irr*. 

[0 0 3 3] y- hftffil 6'M0IE<0«JErt*SO*e>n 
*i, p-^x^l 3 a^SMiCgg^n^Rgl 

$*l£o igm7X«JE£:*S<"r*i* ftptt 

«J0««1 2 blip'JiiWBWl 3 aS^lTV-Xt 30 
ffi 1 7T»*§£*lTt>£0>-C. p^xM«13ai:n 
HU7h««12at©HOpn«ftJa . pft§)0M 
«1 2 bin K'J7h««l 2 ai<0BB<0pn Jb 
^ 5 ^-nf tlffiSi^ n H U 7 l> «« 1 2 a , p{±«)9 

[0 0 3 4] p nS& J b frt>C>2i2.mZ* n H 1 J 7 h 
««1 2 a<0«*|fil{CJ£^t). La*fcWRd(Bptfc«9« 
«1 2 b^5SS»^/2:^*^Tffi£{t;*«*#tc^S 
5, t^T, n F'J7hg«l 2 a O^fcE^if 
*Ct*»Tt*. Sfcptt«J9«*l 2 bfcRWlcffiS. 40 

{tan*. ptt«jg««i 2 bMfflopnft^^ 

1 2 bin KU7K8«1 2 a iSSSKHMTr*;: i 
fCcfcO, B8t4 n H U 7 M«« 1 2 a OjRS^aii 
7&<itAT*J;?lCftoT^*<B-C, &±mBJ&<Dfzlsb<D 
ptt«J0««l 2 b©«i5W««:¥»T#, -tCDSh n 
H'J7 H*«l 2 aOWrnBa^ffi^SrH-SCi^T* 
*. 

[0 0 3 5] #JAtf, S£*0#S^S5Stf[K'j7 hS* 
^SfSMOSFETTIt 4 0 0V^77«i:t 50 
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*fc»t::tt, HU7hii 2 0^Jf«i»«SiUTtt5x 

1 Oi4cm-3, »$3 0/zmiSMT*ofc^ 
JI«Oja«^MOSFETTtt» nF'J7h««12a 

5 #o 1 L^t>WBEtt+»Kniff an*. 

[0 0 3 6] S: 43, n HI) 7 H««l 2 a 

u Ttt*»»ft*ie<"rntf. ct9-Jio:*>}g#io& 

M. *ckrf*>«tti»ffii(0HU-H*7H«<DBSc» 

tfnJUBT**. 

MOS FET<Dg&##r®0T**o <IU MOSFET 

[0 0 3 7 ] El 5 K&friTtt. V-Xtffi 1 7 
*S^fflcDpf±«lt)m^l 2 c KR«rr*n H'J7M 
«1 2 dflD±i:3|fi»Kl 9^LT7-^f8l 7rt*J6 

ftsnT^*wtt*«iffji irauT»**«, ^copttw 

0««1 2 e©*aK:«*UTWt6nfcJB— FP«« 

2 0atf, B*-T*n KU7 H««l 2 f O^On HU 

-7 h««i 2 h±£Tmmmi 9*^bT»*anT^ 

*j£*<3glKffl 1 iSoTli*. "Tftfe-fc, i 2 T«t^J 
pnJIUariJCFPMtftiD-r**JfiiLfc^ EI 
5Ttt2»©3feWlpn»^»UTl^<7)FP*aS:ia:^ 
2tt>OT$>£. ^FPfg2 0 bt>P?l«T**. 

[0 0 3 8] fflttd^iWW^Ttt, ( 2 ) jStCl^A b 
n*,fc3lc:*>ffiifta*n KU7 MK«a)«dJCJt«"T 
fftb*dS*< bT^< iWtttt-tn^JtWLT 

&#-r^o -to— ^Td*/ha<-r*ia«B»!x^K 

ittD. iBSTaSPXttW^Bi-r*^^^^*. cio 

[0 0 3 9 ] fa«L<0^JpnJiJc:P^TFP*«lO* 
#J0£T**>tt. Iffi^d<B8a^K<fcoTife»*'<€rK 
B-CD^ST**. M^.H H4*^t?^*<fc'3t|*9ffiyo 
F P titt**a«ESiKI»t*fc6, rti)fltt2ftn 
U 3 3a<Oj@^T-OOFPffiffiib, ^ffl0^ff<tC 

mmW3] B6I1 B2©«S«lSJ»Stfc*5S 
WSSJSW 3 c&ffifflOjgtt-frMO S F E TOSB^BffSHIT 
$>0* ^tt0nft*MOSFETO«6T*«, 

[0 0 4 0] :©«TliFPtS2 0a, 2 0b9ttp 
tt«01H«l2e, 12g©affil:tt»Ml/T*&f» 
nH'j7h««12f, 1 2 h (&±<B*fi»R 1 9 <D±\Z 
«*TE«UT**fcHtT»*. COcfc'SlCUTt), F 
Pli2 0a, 2 0 b*tt»fij»|Rl 9©S**^LTS 

yUpnHJCK«-r^i^T#, H2©jMS«liB«JC 
«IMBW*«pI«T**. 

[0 0 4 1] I(D«TH FP««£ptt«J9«8W)S 
S«Ctt«a-&*fc»0)D>^i7 H*-;l/S»rit-r*i^fi 
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* FPffiffi^rlSttTfccfcl*. 

OSFET<0«#*rHeiT*?K *l»nftUMO 
SFET^T$)5o 

[0 0 4 2] ^IJfifl«J3 0S»*MOSFETTtt. 
OF P «HFb1 «*fe^^ t tt o T^fiTiSS^ 
:©«TllFPti2 0a, 2 0 b«OBl*ffi»itt«l2 

lT««tSItl:J:0, ftFPffiffic&S&SrS^H^ 
T^Scfc-StCbfcfcOT**. fiifittlB2 1 tUTtt, 

[0 0 4 3] «SS#J5] B8I1 #»K*«Sfl»J 5 0«t 
8!©jB»^MOSFET<7>85»»fffiH"e*0* ^«0n 

05 F P ti^ffl CttftttlKJt t Uti^. ?tet> 

tv-xnmi 7 £^y7mm<offl&n&2 2 tnmz 

ffitfEteJSi2 l3^tttt6*lT^a. «inittlR2 lit. mm 2C 

[0 0 4 4] [HSS#J6] Ctl*TO|ttfitWtt, t^P 

6BS:^fbfflaf -SfetDtUfc. 3fe^JpnJKDaia5«:^ 
pttWDftJaSrfflUTU— ^»86^V-^«ffil 7^<h 

[0 0 4 5] **86tWtt, -t(DSS^|6lora5affl»fw43 
HT, «fcOfll*JCiSiHBE{k*Hns«ifii:bfc 5 t)^T* 
H9«. *»98*llS«6<OlKa!a)iH*'&MOSFE 

L, 5 SB3 F P ti 2 0 a - 2 - 0 d t. 

[0 0 4 6] 3£5iJp nJl*Z»UTSiE>iffl3aW»J-t4- 
nS©S«2 3 (HTXhy^tftt*) ^^/ST 

^On^hy/^fH«2 30ggStt, n+FH>S 
«1 1 lCjSUTM3*K ««5mib, ^>E«l»Jtttn H 1 J 
7 H 1 2 a tRCi^nElTitS. ^n^hy/t 

fi«2 3{:<tox t u— ^*»*«y-x««i 7^atn 

[0 0 4 7] ig^lCcfcoTte, |R©n^h:y/tR«2 
3 £Rtj\ *G>HJHIi£. 1 0 0 ~~ 5 0 0 mdi S&CDSIS 
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[0 0 4 8] ^OltJfiMtt^mfen^ir*;!/ 
SCMOSFETtLfc^ MOSFETfc # im<, 
I GBTT s bra«OSS**^#6tlS. tkpn^t- 

[0 0 4 9] 

T, *^Sttffl<OHI0lcMWp n*ifi*t|E«SnT^« 
K fot, HU7h»lC«a!<Z)at5»Jpn«Jfi«:«ffiU 

[0 0 5 0] gttWO^«<7)afe^Jpnli<7>*-« 
mm K U 7 h«B«±tC«»R«:^UTF Pmffi£Stt5 

^JgT€?^<t-5tC&ofc. FPMH F*>lfiiJ<Dm=i^m 

(DS-Sf I K 'J 7 hltllWot^T^a^o 5g 

tr, «*r*FPm*iBifc, jaffi&Kttntf, FPU 

[0 0 5 1 ] 3feWpnJlJCSiS*|B»rffiffitn:li* 
Tit5*-»*fi^ h y £ <hlC «fc 0 , 

*^ 3B^«ffiOffiWpn«jfiOpnt*0iIU«ili (« 

[0 0 5 2] WBJEffcttBtt^Wtt*^ 

[HI] *5B9J3liSM<0MOS FET<E>8B#BfiEEI 
[02] *%^3ljK5^Jl<7)MOSFET(Ogi5^»rffiB! 
[i3] HJfi«l<3!>MOSFETH*3tt^«flE4 0 0V 

[B4] £FPtf)#g11J£<7>^{fc£^T#140 
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.[05] **^HJB«2CDMOS F ET<2SB##f®£ 
[0 6] 3 <DMOSFET<D&#ViW& 

[0 7] ^E3EKW4©MOS F ET (DfftftWimm 
[0 8] *55W*«5«5 0MOSFET©»»WfBBH 
[0 9] #f£^*^0<J6<Z)MOS F ETCDSB#¥®0 
[010] S£*C5 M^>^l!MOS FET<D»fi«ffi0 
[011] hU>3^SiS»^MOSFETOft«WrBH 

[012] ®^*«^^^se*^^*^ i fo*> 

[013] (a) tt#-FU>y*fcr>¥W#*^<0« 
»Wfffi0, (b) \ty4-)V\*7V—V*W~3*mW 

1.11 n + KK>i 

2.12 FU 7 MB 

3.13 p^7x;i/«g^ 
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0 , ID 




6 , 16 




7,17 




8,18 




9,19 




10a 




1 0 b 





12a, 12d, 12f 

12 b, 12c, 12e 
2m pft«JO«« 
20a. 20b, 20c 
2 1 
2 2 



1 2 h, 1 2 j , 12 1 

1 2 g, 1 2 i , 

2 0 d FPmii 



n 



12k, 1 



2 3 



[01] 



10 a 




12 b 

12 " D 

11 n* KU-fVW 
12a n K'J7h1Stf 
12b pttSOSffl* 
18a p$x/HW* 



14 n' V-A«ttft 

15 Y- hBtffcK 

16 y-na 

17 7-; 



18 FW> 
19 



[0 3] [0 6] 




(10) 



4#§g 2001-1 3581 9 



m2] 



10 a 



10 b 



9 G OS 



. :.rl-i 



St «*VV; -J 



.-r.::^ ; 5j.c 




n 



12 a 12 b ij ^ iZ c 12 d 12 e 12 f 

12 " D 

11 n* Fl"f>Ji 14 n* V-xffi« 

12anKV7hffi* 15 Y- hStffcK 

12b pttS09«tt 16 y ~ hmS 



18 FW> 

19 JfeJKR 

20a S-PPttS 

20b 



20c »=J 
10a iStefiS 

iob mitts 




[04] 



[0 5] 




17 19 
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